The influences of Hall currents and heat transfer on peristaltic transport of a nanofluid in a vertical porous tapered channel through a porous medium are investigated theoretically and graphically under the assumptions of low Reynolds number and long wavelength and the flow investigated is in a wavy frame of reference. Analytical solutions are obtained for temperature, axial velocity, stream function and pressure gradient. Graphical results are sketched for various embedded parameters.
Introduction
ass transfer and heat transfer from different geometries embedded in a porous medium have many geophysical and engineering applications such as thermal insulations, drying of porous solids, cooling of nuclear reactors, underground energy transport, and crude oil extraction. The study of fluid flow through a porous medium and heat transfer constitute a fundamental study of nature and have great practical importance in several physical problems; these include porous heat exchangers, sewage of water in river beds, filtration and purification processes, for example. Their industrial importance has led to many experimental and analytical studies of flow and heat transfer in a porous medium in the presence of a magnetic field. McWhirter et al. [1] , and Geindreau and Auriault [2] have discussed magnetohydrodynamic (MHD) flow through a porous medium in great details. The tapered channel is specially designed to assist in the management of subglottic, tracheal, and glottic stenosis. The superior end conforms to the contours of the glottis, while the larger inferior portion simultaneously acts as a stent for the trachea. The design of the tapered end is such that it projects up beyond the true vocal cords to the level of the laryngeal ventricle. Peristaltic flow is a phenomenon found in several industrial and physiological processes. Within the body peristaltic flows occur widely in fluid processes such as in urine transport from kidney to bladder through the ureter, transport of lymph in the lymphatic vessels, swallowed food through the esophagus, spermatozoa transport in the human reproductive tract, vaso motion of small blood vessels, etc. In addition to that, peristaltic pumping occurs in many practical applications involving biomechanical systems. The mechanism of peristaltic flow can be best explained by comparing the experimental clinical data and mathematical results. A perfect mathematical study can be served to many peristaltic flows occuring in the human body. Many research attempts had been made to understand peristaltic action in different situations. The first attempt was made by Latham [3] and some of the interesting investigations in the same direction are given in references [4] [5] [6] [7] . Moreover, the flow through a porous medium has also attracted the attention of many M researchers in the past few decades because of its important practical applications, as it occurs in sandstone, limestone, filtration of fluids and seepage of water in river beds, wood, and in human lungs, the bile duct, the gall bladder with stones, and in small blood vessels etc. Shehawey et al. [8] formulated a mathematical model for the peristaltic transport of a viscous incompressible fluid through a porous medium bounded by two porous plates and El Shehawey et al. [9] studied the peristaltic transport in an asymmetric channel through a porous medium. Vajravelu et al. [10] examined peristaltic flow through vertical porous tube. Srinvas and Kothandapani [11] investigated the influence of heat and mass transfer on MHD peristaltic flow through a porous space with compliant walls. Srinvas and Gayathri [12] continued this work and discussed the peristaltic transport of Newtonian fluid in an asymmetric channel of a porous medium with heat transfer. The Hall effect is important when the Hall parameter which is the ratio between the electron-cyclotron frequency and the electron-atom-collision frequency is high. This can occur if the collision frequency is low or when the magnetic field is high. This is a current trend in MHD because of the important influence of the electromagnetic force. There has been considerable study of Hall effects and heat transfer effects on flow to determine the efficiency of certain devices such as heat exchangers and power generators. Attia [13] examined unsteady Hartmann flow with heat transfer of a viscoelastic fluid taking the Hall effect into consideration. Asghar et al. [14] studied the effects of Hall current and heat transfer on flow due to the pull of an eccentric rotating disk. Hayat et al. [15] studied the Hall effects on peristaltic flow of a Maxwell fluid in a porous medium. Abo-Eldahab et al. [16, 17] investigated the effects of Hall and ion-slip currents on MHD peristaltic transport and couple stress fluid. For further information the references [18] [19] [20] [21] [22] [23] [24] [25] provide additional source.
The aim of this paper is to investigate the effects of Hall current and heat transfer on peristaltic transport of a Newtonian nanofluid in a tapered channel through a porous medium. 
Formulation of the problem
Consider the peristaltic transport of a nanofluid in a two-dimensional channel of width 12
The flow is induced by propagating a sinusoidal wave with constant speed 'c' along the channel walls (as shown in Fig. 1 ). We denote the channel walls by 1 H and 2 . The governing equations for the flow and heat transfer of an incompressible nanofluid in the absence of body force are: the wavelength is large and the curvature effects are negligible. After using these transformations, the governing equations in steady case become: 
Consider the following non-dimensional variables and parameters: 
Rate of volume flow
The instantaneous volume flow rate in the fixed frame is given by , ) , , ( One finds that (2.5) may be written as: The integrals in equations (3.9)-(3.10) are not integrable in closed form, they are evaluated numerically using a ready package of Nintegrate Library from Mathematica 7.
Nintegrate uses an algorithm called 'integration strategies' that attempts to compute an integral which satisfy user specified precision or accuracy goals. 
Graphical results and discussion
Here we discuss the quantitative effects of sundry parameters used in analysis with the help of graphs and results. A fluid particle that moves with a velocity that is different from its neighbours will be subjected to a frictional force, such forces also exist between a particle and a rigid boundary. The friction forces 
Conclusion
The pressure rise reduces with an increase in the Hartmann number ( M ) and Thermophoresis parameter ( 
